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(54) HEATING TUBE HAVING GROOVED INNER 
SURFACE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a heating tube 
having grooved inner surface excellent in evaporation 
performance and condensation performance. 

SOLUTION: The heating tube having grooved inner 
surface is arranged alternately, on the inner surface 
thereof, with a grooved region 1 having width W1 and a 
grooved region 2 having width N2 and a linear groove 
region 3 having width W3 extends in the axial direction 
of the tube. W1 is set wider than W2. In the grooved 
regions 1, 2, groove protrusions 4 and groove recesses 5 
are formed at same pitch P in the circumferential 
direction of the tube. A group of grooves is formed 
spirally in the grooved region 1 at a torsional angle 
θ1 with respect to the axial direction of the tube 
whereas a group of grooves is formed reverse spirally in 
the grooved region 2 at a torsional angle θ2 
different from 91 with respect to the axial direction of 
the tube. 
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(57) ESSKi] 

®8ltt6s58J<ff 5. 

K4>IW 1 (Dflfc&PI^e 1 i 4SW 2 ©8fc&ni®# 2 £ 
MTfxmmZivr^Zo tlwittitilW2«tt)^:t 



ft 





h <om i Rvm 2 <^m»j»m zntcmi 2 ©m 

[fif3fc«2] tfHESI*PX^(0<gSrWlSU t W2 (W 10 
l>W2if5) tLfeit, W1/W2S1. lJbm 
3. 0-C*>Sr^Sr#mt-f UCIE^coW^ffi 

•J. 4° ^01^25° , 8° =£02^45° 

i: &®'®k-tz>m*m 1 x» 2 »ciE«©«ftH$f#'gt8i 

*. 

[f»#«4] ttIfBSI*PX^<D*SdS^V^O^^^ 20 

SSre 1, m^Jsom^frftg.* 0 2 t Lfctl, 0 1 
>e2t?, P^^nx^w-csctb*iRj^iS5(R]#-efc 

•J, 8° ^61^45° , 4° ^92^25" 

t &mkk-*&n ^ 1 X« 2 KfB«©t : l*3®Slttef$& 

[M#g5] tfIlEiS^j«ffl«COitisSrW3, ift!BS& 1 X 
tff&2 ©it*PX^©Wn^>!;ft<^t>^£P 

W3/PJfcttl. 0»lg3. 0-e$>5- tSr#^t 

mmWo 30 
6 ] m^mmmm<D mm & t o . ttrism 1 

2S.tf|g 2 ©lftftox0Ufi©¥$rtJ? 4- ttLfctt, 0 . 
9tStOSl. 1 f?*5riS-#ftt51*fll 

[m#H7] ttna®ifliAPx®«s^2ssjpx^ 

[*gn©flM«>Hft!&] 

[0 0 0 1] 40 
[0 0 0 2] 

*»B©}«Wfc»i*bfc«»*i UT, #3B¥3 - 1 3 

7 9 6 -%4±mRVVftffl¥-4 - 1 5 8 1 9 3 KfEiffi 50 
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[0003] #P§¥ 3-1 3 7 9 6 -§-^{CfB«$ttfc 
teflMtKliiSV^-Cfci:, f©rtS»CT, *©BJ^£4{U_t© 

£> ©4MttfM*tttttt#A K*t 1" £ fii Ctt^ Bl&lia 

ft©j&£risfti^cit>, ^Tf >-*px$ttfcfliaJ^c:i3(t 
i#©^j£©iliKf1MBK<fc*K trtw^l^^jpwb 
IMSrfRj±$*Sr t*5T?#5o HI-. e*l*©rtHfc*s 

fttf JPX'ffiSriPjJi^-frS r k frXi 5„ 
[0 0 0 4] #P8¥4- 1 5 8 1 9 3 -^$&{CfB«t£;ft, 

z 0 ^frb<Dm&m\*&&Rvtmm*L>ti:*) , ^k© 

©Dfliapt, y$ttma&&n#5nga#2:H:. mofy 

?\ 8S©^iifc. ^©^RtfWtt^ftK^Sit;!?!*!© 
5 i t> 1 WJi©^*^^^:5 X 5 (c^^tu 

TV^. ^©fcfe. Wrt©^©^!tti-* S ^<SLLT. e 

[0 0 0 5] ^Ml=©F*3M^^S|pt, -©® 

Sft^fft Lt> #^5-7 1 8 7 4-§-^«Xtf#2t¥6 
-1 0 5 9 4-^-^(C|B^$^cef8i < ff^fc€.. #<2t¥ 
5-7 1 8 7 4-^^^i5«$tVfc^ < i : {-*JV^Ttt, 

T*5 •) , 6-1 0 5 9 4 ^■temz.m®,£tl<tcte® l 

m*mmisxmmt:m*:£itzzk\z£v > mmm* 
mwtfL£inx\,^2><Dx. ^mmnmwijjfavmMm 

[0 0 0 6] 

WJF3 - 1 3 7 9 6-§■^^ifB«$4^fcef^l : ^*5V^T 
14, «&@©^^asf£tff>ivr:io»K r^P>©!l^ 



3 

ttKffifciftfcU ^©>fc^£^3g£*TSSft£&& 
[0 0 0 7] #P8¥4- 1 5 8 1 9 3-^^tc|S«$tl 

try^ »©«Mrai*tf##fafc*ti-ai*» 

[0008] #<&SP5 - 7 1 8 7 4 -^#{^SB*Sil,fc 

mmm&®mmzmt?tix 5 ©r% mms 

[0 0 0 9] #<&¥6- 1 0 5 9 4^m^fBM^Mt 

tsmmviis^xH:. 2m<Dmm&m0kmm^xmmm 
x*mfaizj&&£tix^z>o w©fc«>> m&m^±XsZ> 

-JS commit £ Sftttffi©flE*U±. «fcfr©J»Wfc J: o , 
PIScFti/Tb* 5©"Cx ^gCtJi J: 9 *rt©fettttflt&' 

[0 0 10] *55MH:*»d»SMjH^{c«*T)te$nfc'b 
©-Cfo-oT. tfrtfc»«rs^fc©MTMI!«*«rfi'3 

rtBtwtejiMftefe^T. tfrtBic»j*s*ufc2«©** 

W©»«Srjte*a[«JKia!3ti-Sfc*Ki, £*!,&©*»«: 
^*2«©lt»IflWE«r4([«IUBfllbT» ^-JSSflPXfi 
*MK:*tt*|i||fc3Btf SiMftllMW««rlB1Br <5 £ t J: 

[0 0 1 1] 

[njH*ftft-*-5fcK>©¥ft] #S§WKfii.5<i : l*3®j!gtt 
ef&Wte, «rt«rifi*-t-»?M«Ci:©WCjl!a!*«rfi l 5rt 
!B»#e«*fc48V^-C» *rtiElc#j*«S*i*FP3J«;frlfll© 

*t*«i«JffiHi-**lAt«K2©«WSr*U rti-e>© 
0 1 .RtfSB 2 ©Jftfttf&A £ *i>fcSS 1 2 ©f&OPX 
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[0012] *£9iictev*-cii* tfrtasfcOTfofrfaics* 
■r ** wrafl»uwcft#fa**ffi»-rs» 1 xtj«jb 2 

©J»»a*»j«£*u ifr&©JISl2W { *2©i*»!8i»jft 

stifcft 1 2 ©itftxtfttttA&s w-?ttft«uB 

©jKV^«»X««ft©»»©iRC*T,A**lSilRi»o*:« 

10 lelSiEt^So r©lg|H]S!E©^[Rli:S^-5*-|R]©telil«!t* s 
^©fl^x««rt©W««;:J:9£ca#, r©8fc&px 

<CS©-C. i|i©JKv^pX®«fcJ;Slg|Hl«EfciJSSr-§- 

=&SI*PX^K(c1 : #^r(p]|cMt/.5il:i»^«^ 
««3*vCV*3©t?, JMI»©*tt*rtI©SK*t^n*ti: 
£9. *##fflfc^5£EA«Wcfc^S*S£fc#T* 
#5. ffioT, eJ»«©3»»ttlB*r«*tfc'l>©fci-Sr. 

20 -Tzmiz. «fCftI^«!»fi$ti5i:, r©7£?tg 

©«^ffitt«En©tt'ttAS/h^v> 0 r©fc«>, BOO« 

*px®«©m cn^«^-[Rj{c®^?s©teiEiiift*5^ c-c 
t> , *§©2fcv ^«spx««©«»fc <t 9 mvgmnwmx 

AM**!,*. 4MMftXff*IIOK:*N#ffilc£EtJ(<5 

iftWIHSifc**EllS;lvcv*.B©-e % mWfcftorSHxfc 

t » KftttK: <fc 5 JRHTS 
*vr »IWrt©»»tt!8Sfc < it 9 . WW»©#Wtt«* A» 
£ft5 0 £©fc*, ^ffi£fMUEI6ffilcJ:9a*>*LS 

[0 0 13] f»5fc^2©J; KnettADXfi^ 

©4@SrW 1 2 (Wl/W2tt5) tLfeif, 

Wl/W2ttl. 175S3. O-CfoS^ tJJS»*LV\ 

[0014] W1/W2451. 1 ^©^-g-titt, 

ffi&&£.vxh. teK\z.mztiijft<omtj:z>mmm±ic 

«tt)> ?Mi«E©«*t«:«B»«Jfc*r*>SH**T.-Cb*5. r. 

40 — Wl/W2*!3. OSr®S.-54i-a-{c«, 

m^©)<^^iftin©£v^ltMX^©|»«©JMI«rS 

©ft-hasffiT-TSo t»6oT, Wl/W2Srl. 1 7b^ 
[0 0 15] M(C K*3®3©J:5fc, MIB&bDXtttt 

©«#jBKv^©igtjh.AflE*9 i, 

S: 6 2 i: bfcfc « K92-C, PSSS*PXfi«Kt? 
50 «Ctv*^J*SjJ»|R]#-efc»?. 4° ^6 1^2 5° , 8° 
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*5^T, 0 1<4° -?$>Z>t>\ Xte0 2<8° thZ 
m&m<DE.t>m£:7!>i>h£ < . sgSgtefBtfiflKftS. 

1-5. — e i > 2 5° rfcs^xi* e 2 > 4 5° -e 

®ffittfB#Bi<ftS;!>5, ^^©^S^B 

•9, 4° S81S25° , 8° S02^45° -^$>5 

[0 0 16] HI-**:. lf*«4<DJ:5fC, MlKgaPX 
^©^^^©glC;^*^© 1, #?V^©Sie*t 
8 2iLfcit. n>e2r > PISSSSPX^® 
H^C^fttfSjgft^-efc'K 8° =g 0 1 is 4 5° , 
4° ^0 2^2 5° -efcSi. IgMfB^'&ftfc 

eiat^sr t*s-^#5„ ep*>. ei>02Tjb5i 

-a-^l^T, 0 1<8° -C*)S*>. XI40 2<4° "Cfc 
St, ftJBR»©£E*>aUfe»S/.h3 < . 3UB8ttlBaSi«<ft* 

— 0 1 > 2 5° -e*)5*>, Xfi 0 2 > 4 5° 

K<«Q. 3!l»SIB©lft-h*eT-*-6« tot, 0 1> 
9 2-c, lW8«5!nii««lR|-c«iu*v*ift«*a!iai*-e*) 

•9, 8° ^ 0 1 <4 5° , 4° ^02^25° 

«*tttB#-ji«i5©-e» f&mmxz&ti 

[0 0 17] »C*fc. ft*]® 5 ©£?{-. ffiEiSttift 
^©I^^f&PttSt, W3/PJtttl. 075 

[0 0 18] W3/PJt**l. 05tejR©#a-fc:H:, m#P 

«ttt*©«8:#*:# < **©■<?» ft*Stt©J£AM£tf*B 

W3/PJt*S3. OSrffi^SJ©^^, ffrt©MAD 
X«fc©*lE«a*'.h*<fcSfc*>, JHBS1£flB2fctNKffM£ 

!6©lRl±*s(S;Ti-5o fi£ot\ W3/PJfc«rl. 0 7JS 
3. 0 t-T5©*s»*LV>. 

[0 0 19] mait. M#K6©J:9f;:. mCiffilftW 
**©lft»Srt0, IMBffi 1 Rtm 2 ©flMgX«tf©¥ 

*>JI*lJf:§r t t L5tt#, 0. 9tStOSl. 1 fCfc 
Sr&**#$l,v\, r©#-&(c|*. ffiNl*Mftt©AB«: 
SUpXffl«©j£W^b<-T€)t, rtEE«K:J:9ejn 
tlcSD^^CS. 0. 9tStOSl. 1 fCM 

*>\ S&lXtf&2»*PXffi«©¥#l*lBt t WU 0 3(C* 
i-J: 5 fc» ««©Mi!!i*¥£i::Ufc»frfc*Stt3»©» 
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[0020] mct.it. m*^7©ip(c:, ttjiBs&im 
AnxwK&tjcg 2 ifcbpx4itt©rtJ9ri£* MtieauMiM 

«i«s^2«iipx^©^Srii:^^«^ia<3< tc 

[00 2 1] 

©»8MfcfiiafiHIMf©rtili«rJ»Hi LfcttIB*:*-*-** 

Bh*a>9. 0 2l*^©»fffi0-e*)5o &&Wlz&Z>mi& 
ttefev^TMu -?r©rtffi(ci|iwi©Si*PX®^l t(BW 
2©flfc&gX«lfc2i:#, 2£El-Ba«£*l/-C*S?K dtufe 

©asapx««Ei t}fKjpx«i«2 i©ra^tt. *aw3©is 

illS^^«3y5sWtt*IR]^-jSO t -ciBS^^^-rv^5 0 jfejs, 
(BWlll«W2J:!)^v\ Il« 2Jc^-T<tp{c, SI 
*pxfi«i, 2tc:*5i'>-Cii. Jfifr^/fc^tLTSs?) , n 

0 1 T?«MteRfc»J***bT*J t) , fll#RX®« 2 
©*«»» Wft*«lt#br*t*LA«0 2«rftrt* 
fc«C^*lftl*t(t*PXfl|«l ©SD^ti^lRltffc 
SJ:5fc*Kttfc»j***i/TV^S. ft*5. SC^S0 
2«^CttA* 0 1 tmttZo m3tefcf&<g<D— SBSrffi 
*Lfctt«ft*-t*fWB|-C*>*. »WPXWIjE 1 , 21*3© 
UtttH:* rt»*jB£rtJ» flt*PX«ljErt"T?«t>/jNSVNrt 

30 f) tb t>i£^SS^« 3 icmm-tZ Kotim < ft o X 

■C, ifiilSfllffi^cli^v^TI*. «©MJV»: t 0 9 . 
0. 9t^t0<l. It T?*jS„ 
[0 0 2 2] Z<0£?lzffi&L£tvtimf&<g&, $fci\ ^5 

S t » i©ft«ti£ttflfc&PX«# 1 l*3©8S«f©« cn^a 

0 i©*iftfc»ofci6iaaffii3fe*. r©jgiHi«t©*p»it 
»ft**ift©*ia*3jsiiiaDx«*2rt©«»j!:j: 5 

w©^fApx®^^2«(i*s$lfv^t*^^ mcti-fig. 

40 *SMft5©T?, ^©.Ev^PX^ltc.tSjglHjgittcSJ 

ii*Z Q fi|*PX^«cl &fttftnx«i* 2 t ©«{;:«# 

*lftfcffiW6i«WWi«3*BB11**frv»S©T», ibm 
*©«*l*rtI©«Ui»^n»i:ft5, ***l«ilKi#i-*£E 
ii**-e#S. 8oT, emv©* 
»14tiSrfimfcb©Hi-5r tdi-C#5o ft*3v fiC)h- 

1 Sr/h* < i: , ?Wi«©«**r^ft< LTt 
»«©ttlUflE^C J ^r<ft9, £I£*V8«0 2©8£S¥ 

50 ic-T^r t^s-Ct 5 0 




7 

[00231 m%$!&k vx&m-r?>m&. mf&*g 
mmzxymmmomvg-ctowzivz,, sic, sianx 

®«3;4SBBe£;ft,TV^©-c N «SPJ-»orgftixfc@«S 
[0 0 2 4] ffiNfflHK$3f*, ^©^ff^fS 

i&T-rz>fiK *3l^fe^J^c*5^^Ttt > jtagitn*i» 2© 

3 fciE<5< tcotbff < JR*3*bT 

[0 0 2 5] *5IMfc*5V»-Ctt, ^BK^tt-S 

W^Ttiv^ fab, z<Dm&tetmMlK9Wi3lt 
[0 0 2 6] 

U *©4ra«rJttfc«fcJtttLTAtt«fcRm-*. 

[0 0 2 7] fg 1 glifcffj 

0. 2mmO?jf»Srf5'^0. 2mmt^L, 2oO 
flMPX«WK::oV*T\ »ttSr»lsS*T»J«Lfc. BP 
*>, rtu?>©2o«ffiipX?g«(CoV^T. illOTti 

jKvffi (fwi) ©bwpxsw&i t-fcvvtri*, j» 

PcoSCttA^e 1 £«ttl>*ftt£*fLT275S6 0° © 
2) ©j»apX®«2fC*5V»TI4, «»©SC^fifl2 

k*5J:5K»J*U me>©»ttnx«*©«jt (Wl 

/W2) Sri. 0753E3. 5 ©«6ffl-C«* K:^ffc;$irr 
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±fra#-frfc*TKflSfc*8rt-S i £ KU: 9 7 mm 
©e*Mf«r#;fc.. ^©ei^fSrSS 3 0 0 OmOZlf 
3*&&£Mt (»T, rfufcHUJ^Mffc^S) ©rt«fcBB 
WVtc&. eilMFrtlcl l MK«:«t&U fiSIMfi:***© 

^©i^miCloV^TBI 4 (^*-T 0 [3 4 USSfStC 2 -0<DMto 

10 iflWEotBJtw 1 /W 2 Sr t 9 , «Mlc6!KH£tBJt GK 

77it?J)5„ ft**, e*M4fBJ*tt«SWl iW2 
[0 0 2 8] H4d"e>Me>*»*i 5t-x W1/W2*S 

i. 175S3. QKD&wiz.hzm-etiai. maMSBtxt 
/W2#i. i*tt-?*>s&. aK*BtttB&tNBMH±t&© 

fij_h##fcteTU Wl/W2«53. 0§rjg;t5i:> 3RE 
3H£flBtti*<ttftTV^t>©©. WBttitffiTLfc. 
20 [002 9] iK2 3ftlfcW 

0. 2mm©«S¥Srt B 5'^0. 2mm«U4#b, 
4f ©Mft-5 2 o^^RX^^oV^^Sr^-fb^-arr 
7&£Lfc„ IP*>» rttb© 2 o©J£;!jpx^£(c:ov 

H 1 Jc^-T i 5 (c, ifgw 1 ©Sfc&nx^igt i <omr,tinst 
6 1 ^OTft^fatcatLT 2 75M6 0° ©SSHT?®* l££ 
fls**r«jeur**i?*i«oi:«:*J: 5t-b, iW2© 

miDX^«2©MCtt^l«e 2S:l ; #*-(Rj(C*rbT2^ 

160° ©®sffl-ea^(^'ft:$-&T^3£b-c^^iRj 

30 tft5i5l«Lfe. ^^5>©Si*PXfl«©i(iI 
Jt (W1/W2) 1*2. Otlfc. tLT, SI*PX®« 
1 tfll*PX^«2 2:©MicV«fc&p>iicjSrf«iB«ftflKH« 

nS7mmrofiifS'#fe 0 £©e*MF*ftS 3 0 0 0 

m©ai*-cj | &«srifti&b» &mmbH-*b<ow?9>&m 

40 e>©)!g*icov^T:Ti2^i{-si©^*t (Stfth/AAe 

1, 0 2) iej»ttlRRVffi*a5feJti:t***i-. * 

*5, €f^tttBJitt4@W 1 t W 2 t L V ^J®-g•©e^^4 

[0 0 3 0] 
[^1] 
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JBE7J 




EE7J 








Aft 


ffifBit 


ffl*Jt 










9 1 


0 2 












No 


(deg) 


(deg) 












1 


5 


20 


1. 5 


1. 2 


1.1 


1.2 




o 

£. 


15 


40 


1.4 


1.1 


1.3 


1.3 




4 
O 


20 


15 


1.3 


1.2 


1.5 


1.2 




4 


40 


20 


1.2 


LI 


1.6 


1.3 




1 


2 


15 


1.2 


1.0 


1.1 


1.0 




2 


30 


60 


1.2 


1.7 


1.3 


2.0 




3 


5 


2 


1.1 


1.0 


1.1 


1.0 




4 


60 


30 


1.2 


2.1 


1.7 


2.0 



[oo3ii muz^-txoiz, mK*ift&o nm^ 

•ttfBaM£«>TffinTV^c 0 iiftKfcj-U JtttfctflHc^T 

\mm 1 i*s gcii^a 0 1 a^je^* 9 v>fc 

e 1, 0 2as*{£j5r£ffi<fc 9*»v\feti>, f£3&i$cT>jE;/j 

10 0 3 2] —35, f^Sfl l*5fi:tlM8 2 <k 
*>*#V^£- , HlS«aJ3S0 5 4(cifcv>-C«, ; 

*5@tl-TV^c: 0 30 

[0033] r*u-*ru tt®tm\zis\,^xte, m&&m 

0 2as#lc^£ffi < fc9/J>£v^c«>, ffffitttB 

<orS]_bas/h$ < , J*$9s0!l 4 ra, ^ ctt^s n, e 2 as 
as/h£<ftofc,, 

[0 0 3 4] §S3giaSff!l 

0. 2mmOiJWI:ty?-0. 2mmris8Lfc 1 
T, 2 otf>$$qX^gi${;L:fel^T, 0 1 {£*-*"£? IC, r. 40 
ttf>cO*IJt (W1/W2) Sri. 0M3. 5 
5l!iKfiU ICiiMfll, 0 2-Sr, 3§*, 275M6 
0° ©«HfcU ^PX^lOSC^ifej^tjs^PX 
®®2c7>^C;ft,35rRjS:, 3c*, ^^PXlXVfe^i?* 
lSli:«:*J:5fc»dlUfc 0 fl|*px«Rl, 2Sr 

*3SrB«b"Clt*DXfl*l, 2©rtJffriKtitJfHi*3 



*DXffl#l, 2<?D^lJ»Srj£^lJ? t b (j»JnX|g*fi|*3l?* 
fc»v t Lfcto»WMlH)Mi*3 SrIB* 

L&V^ 3c*, Jfc«0!l5, 6, 7tUfc. &{C, 

e><Def^«SrS$ 3 0 0 OmOWIOftitBlLfc 

0T;fc5. #*5, eSRtefBJthMBWl iW2 ia«Sbi^ 

[0035] 0 5, 6 ic^-r j; p id, *&w<omi&m 5 

{j:*5V^T{*, 3RHBtttB&tnR«1£IB#t. *$«>Tffi;ft,TVN 
fc. -35, Jttfettl 5 ~ 7 tt3l«S^J 5 {CJ* LT^ttfgS. 
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